T (5DSM 100492
T 5KCTC 39594 T ). Prauser (1976) introduced the generic name Nocardioides for a group of Gram-positive actinobacteria that were widely distributed in soil, with Nocardioides albus as the type species. Members of the genus are characterized by the presence of LL-2,6-diaminopimelic acid (LL-DAP) in the cell wall and MK-8(H 4 ) as the major menaquinone (O'Donnell et al., 1982; Prauser, 1976; Urzì et al., 2000) . The major fatty acids of species of the genus Nocardioides are diverse, with many species containing iso-C 16 : 0 , C 17 : 1 v8c or C 18 : 1 v9c and some species having C 16 : 0 , C 17 : 0 , C 15 : 0 , iso-C 15 : 0 or iso-C 17 : 0 (Cui et al., 2009; Kim et al., 2009; Lee et al., 2011; Liu et al., 2013; Yamamura et al., 2011; Zhang et al., 2009 Zhang et al., , 2012 . Soon after the proposal of the genus, many novel species were added, and at the time of writing the genus is represented by 78 validly described species (http://www.bacterio.net/nocardioides. html). The sources for these strains include black sand (Lee, 2007) , marine sediment (Deng et al., 2015) , ground water (Yoon et al., 2004) , seawater (Choi et al., 2007) , sea urchins (Lin et al., 2015) and soil, such as rhizosphere soil (Lee et al., 2011) , desert soil (Tuo et al., 2015) and mountain soil (Srinivasan et al., 2014) . Of these, a few have been reported as endophytes, namely Nocardioides caricicola (Song et al., 2011) , Nocardioides panzhihuaensis (Qin et al., 2012) , Nocardioides endophyticus (Han et al., 2013) , Nocardioides conyzicola (Han et al., 2013) and Nocardioides zeae (Glaeser et al., 2014) . The present study reports another novel endophyte of the genus Nocardioides isolated from the roots of Ginkgo biloba L.
G. biloba is native to China and is the only living representative of the order Ginkgoales, and as such it is often referred to as a 'living fossil' (Mei et al., 2014) . During the course of studies into endophytic actinomycetes associated with G. biloba located in Dandong, Liaoning province, China (408 419 31.20 N 1248 339 46.10 E), root samples were collected. The samples were surface sterilized (Khieu et al., 2015; Qin et al., 2011) , sliced into small pieces and transferred to R2A medium supplemented with 100 mg nystatin l
21
. The plate was incubated at 28 8C for 1 week. Colonies obtained were selected and restreaked repeatedly on the same medium to obtain pure cultures. Purified strains were stored as glycerol suspensions (30 %, v/v) at 280 8C. Among these strains, one strain designated SYP-A7303
T showed low 16S rRNA gene sequence similarity with members of the genus Nocardioides for which further characterization through phenotypic, chemotaxonomic and molecular studies was done to classify its taxonomic position.
Morphological and physiological characteristics were observed on R2A medium unless otherwise stated. Growth and colony morphology was observed after 4 days of incubation at 28 8C. Cell morphology was determined by using light microscopy (Zeiss Primo Star) and scanning electron microscopy (Quanta 200; FEI). Gram staining was carried out by using the standard Gram reaction. Growth at different conditions (anaerobic and aerobic), pH values (pH 4.0-11.0, at intervals of 1.0 pH unit using the buffer system as recommended by Xu et al., 2005) and tolerance to NaCl (0-10.0 %, w/v, with an interval of 1.0 %) was determined on R2A medium. The temperature range was determined by incubating cells in R2A medium broth at 4, 10, 15, 20, 21, 22, 24, 28, 32, 37, 40, 41, 42, 43 and 45 8C. Oxidase activity was examined using 1.0 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine reagent (Sigma; Kovacs, 1956) . Catalase activity was assessed by observing bubble production on addition of 3.0 % (v/v) H 2 O 2 solution. Tests for H 2 S production, hydrolysis of cellulose, gelatin, starch and Tweens 20, 40, 60 and 80, and coagulation and peptonization of milk were performed as described by Gonzalez et al. (1978) . Other enzyme activities and biochemical characteristics were determined by using API ZYM and API 20NE kits (bioMérieux) according to the manufacturer's instructions. Sole carbon source utilization and chemical sensitivity assays were determined by Biolog GEN III MicroPlates according to the manufacturer's instructions.
Colonies of strain SYP-A7303
T were round (about 1-2 mm in diameter) and yellow without any spore formation. Cells of strain SYP-A7303
T were Gram-stain-positive and aerobic. Scanning electron microscopy showed that the cells were short rods and measured about 0.761.7-2.6 mm (Fig. S1 , available in the online Supplementary Material). Aerial mycelium was not observed. Strain
SYP-A7303
T was found to grow at a temperature range of 21-42 8C, pH range of 4-9 and was able to tolerate up to 6 % (w/v) NaCl. However, optimum growth was observed at 28 8C, at pH 7 and in the absence of NaCl. All the physiological characteristics were consistent with the description of the genus Nocardioides (Choi et al., 2007; Yoon et al., 2004) . The strain was negative for oxidase and catalase activities. The strain could hydrolyse Tweens 60 and 80, but not cellulose, gelatin, starch, or Tweens 20 or 40. The physiological and biochemical characteristics that differentiate strain SYP-A7303
T from its closest related type strains are listed in Table 1 .
Analyses of the isomer of diaminopimelic acid and sugars of whole-cell hydrolysates were performed according to the procedures described by Hasegawa et al. (1983) , Lechevalier & Lechevalier (1970) and Tang et al. (2009a, b) . Polar lipids were examined by two-dimensional TLC using the procedures of Minnikin et al. (1984) . Menaquinones were extracted according to Collins et al. (1977) and separated by HPLC as described by Kroppenstedt (1982) . Analysis of cellular fatty acids of cells at the exponential growth phase was performed using the Microbial Identification System (Sherlock Version 6.1; MIDI database: TSSA6) according to standard procedures (Sasser, 1990) .
Strain SYP-A7303
T contained LL-DAP as the cell-wall diamino acid (Fig. S2) , which was similar to other members of the genus Nocardioides such as Nocardioides echinoideorum, N. endophyticus and N. conyzicola (Han et al., 2013; Lin et al., 2015) . The whole-cell sugars were galactose, glucose, mannose, rhamnose and ribose. The polar lipids consisted of phosphatidylglycerol, phosphatidylinositol, diphosphatidylglycerol and an unknown lipid (Fig. S3 ). These polar lipids were quite similar to those of the other members of the genus with little variation (Han et al., 2013; Lee, 2007; Lin et al., 2015) . The menaquinone was tetrahydrogenated menaquinone with eight isoprene units )], which was identical to other members of the genus such as Nocardioides marinus, Nocardioides furvisabuli and N. panzhihuaensis (Choi et al., 2007; Lee, 2007; Qin et al., 2012) . The components (.1 %) of the fatty acid profile were determined to be iso-C 16 : 0 (37.6 %), C 18 : 1 v9c (18.9 %), C 17 : 1 v8c (14.6 %), C 17 : 0 (5.3 %), C 16 : 0 (4.6 %), C 17 : 0 3-OH (3.0 %), iso-C 17 : 0 (2.9 %), iso-C 18 : 0 (1.6 %), summed feature 3 (1.6 %), iso-C 15 : 0 (1.5 %), summed feature 6 (1.5 %), C 18 : 0 (1.4 %) and iso-C 14 : 0 (1.2 %). A comparison of the fatty acids of strain SYP-A7303 T and related type strains is given in Table S1 .
16S rRNA gene sequencing was performed according to the methods as reported by Cui et al. (2001) and Li et al. (2007) . The sequence obtained was compared with available 16S rRNA gene sequences of recognized species in the EzTaxon-e server (Kim et al., 2012) . A phylogenetic tree was reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) algorithms using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignment of the sequence data by the CLUSTAL X program (Thompson et al., 1997 ). Kimura's two-parameter model was used to calculate evolutionary distance matrices of the neighbour-joining method (Kimura, 1980) . The topology of the phylogenetic tree was evaluated by using bootstrap analysis with 1000 replicates (Felsenstein, 1985) . The DNA G+C content was determined by reversed-phase HPLC as described by Mesbah et al. (1989) using Escherichia coli DH5a as the reference strain. DNA-DNA hybridization studies were carried out by the fluorimetric method according to Ezaki et al. (1989) . Eight replications for each hybridization reaction were performed.
An almost-complete 16S rRNA gene sequence (1552 bp) was obtained. The 16S rRNA gene sequence analyses of strain SYP-A7303 T indicated that it was affiliated to the genus Nocardioides with high similarity to N. marinus CL-DD14 T (5JCM 15615 T ) (98.3 %) and N. aquiterrae GW-9 T (5JCM 11813 T ) (97.1 %). Phylogenetic trees based on the neighbour-joining, maximum-likelihood and maximum-parsimony algorithms showed that strain SYP-A7303
T formed a distinct clade with N. marinus JCM 15615 T (Fig. 1, Figs S4 and S5 ). The G+C content of strain SYP-A7303
T was determined to be 72 mol%, which is within the range of members of the genus Nocardioides (Han et al., 2013; Lee, 2007; Lin et al., 2015) . Based on the levels of 16S rRNA gene sequence similarity, strains N. marinus JCM 15615 T and N. aquiterrae JCM 11813 T were selected as reference strains for DNA-DNA hybridization studies. Mean DNA-DNA relatedness between strain SYP-A7303 T and N. marinus JCM 15615 T and N. aquiterrae JCM 11813 T were 62.5¡2.4 % and 56.5¡3.5 %, respectively (Table S2) , which were lower than the threshold value (70 %) recommended for distinguishing novel species (Wayne et al., 1987) . Choi et al. (2007) . DData from Yoon et al. (2004) .
Nocardioides ginkgobilobae sp. nov.
Phylogenetic analysis based on 16S rRNA gene sequences and chemotaxonomic characteristics support the proposal that strain SYP-A7303 T can be assigned to the genus Nocardioides. Phenotypic properties as listed in Table 1 and the moderate DNA-DNA relatedness values clearly indicate that strain SYP-A7303
T can be differentiated from other Nocardioides species. Therefore, on the basis of the data presented, strain SYP-A7303
T should be placed in the genus Nocardioides as a representative of a novel species, for which the name Nocardioides ginkgobilobae sp. nov. is proposed.
Description of Nocardioides ginkgobilobae sp. nov.
Nocardioides ginkgobilobae (gink.go.bi.lo9bae. N. L. gen. n. ginkgobilobae of Ginkgo biloba, a plant of the family Ginkgoaceae, referring to the isolation of the type strain from G. biloba).
Cells are Gram-stain-positive, aerobic, non-motile, short rods (about 0.7|1.7-2.6 mm). Colonies are circular, convex, yellow and approximately 1-2 mm in diameter after 72 h of cultivation at 28 uC on R2A medium. The ranges of temperature, pH and NaCl concentrations for growth are 21-42 uC (optimum 28 uC), pH 4.0-9.0 (optimum pH 7.0) and 0-6% (w/v) NaCl (optimum 0%). Negative for oxidase, catalase, H 2 S production, and milk coagulation and peptonization tests. Hydrolyses Tweens 60 and 80 but not cellulose, gelatin, starch, or Tweens 20 or 40. In API 20NE tests, positive for nitrate reduction, urease, aesculin hydrolysis and b-galactosidase, but negative for indole production, glucose fermentation, arginine 
